Abstract. The present study aimed to observe the identification of biomarkers of silicosis based on the differentially expressed serum proteins between normal healthy individuals and patients with silicosis fibrosis. A total number of 20 patients with clinically diagnosed silicosis were screened, which were designated as the foundation treatment group. In addition, 20 age-matched healthy patients attending a check-up at the physical examination department were selected. Serum samples were obtained and a combined protein chip with surface-enhanced laser desorption ionization flight mass spectrometry was applied to perform serum analysis. Data preprocessing, screening differences in peak, hierarchical cluster analysis, Principal Component Analysis, construction of a decision tree model, and prediction based on the differences between peaks corresponding to proteins were performed to analyze the data. The results revealed differences in the proteins in serum between the normal group and the group prior to foundation treatment prediction. The corresponding names of the protein peak, predicted protein, and gene name were as follows: M1948_00, complement c3 frag, C3; M2017_02, amyloid-βa4 protein, APP; and M2879_56, hepcidin, HAMP. Differentially expressed serum proteins in the normal group and the basis treatment group were predicted, including M2017_02, amyloid-βa4 protein, APP; M2879_56, hepcidin, HAMP; and M3224_97, fibrinogen-α chain frags, FGA. The differentially expressed serum proteins in the group prior to basis treatment and the group following basis treatment were predicted, including M2001_69, amyloid-βa4 protein, APP; M2017_02, amyloid-βa4 protein, APP, M4144_81, plasma protease c1 inhibitor frag, and SERPING1. In conclusion, there were differences in the proteins in serum between the patients with silicosis fibrosis and healthy individuals.
Introduction
Pneumoconiosis follows the long-term inhalation of productive dust, which is the primary contributor to pulmonary fibrosis of systemic disease. It is also a progressive fibrotic lung disease, which is caused by occupational exposure to mineral dust and fibers (1) . It is one of the most serious occupational disease hazards in China (2) . Currently, occupational hazards exist in >8,000 enterprises in Xinjiang, China; >1,300,00 individuals may be contact with occupational hazards and there are >16,000 patients with various occupational diseases. All types of occupational disease hazard factors are increasing with the process of western development and, although there are certain protective measures, there are increasing numbers of patients with silicosis. According to incomplete current statistics, silicosis not only causes serious damage, due to silicon dust exposure, to the health of workers, but also severely reduces the labor force and quality of life, and causes economic loss to the country (3) . According to statistics, the economic loss caused by occupational diseases each year is over 140 million RMB. Further investigations on diagnosis are required owing to new challenges in silicosis (4) .
Surface-enhanced laser desorption ionization flight mass spectrometry (SELDI-TOF-MS) technology was used in the present study to detect the difference in serum protein between patients with silicosis fibrosis and normal healthy individuals, which is a novel effective method for the clinical diagnosis of silicosis by identifying markers for silicosis.
Materials and methods

Serum sample information.
A total of 60 male patients with silicosis were selected and, according to inclusion criteria and exclusion criteria, 20 patients with clinical cases of silicosis diagnosed within one period were screened and determined as the foundation treatment group, designated as group A. Therefore, of the 60 individuals in total recruited for the study in The Fifth Affiliated Hospital of Xinjiang Medical University (Urumqi, China), 20 patients with silicosis were included. In addition, 20 age-matched healthy patients attending check-ups at the physical examination department in the Fifth Affiliated Clinical Medical College of Xinjiang Medical University were selected as a normal healthy group, designated as group C. The mean age of the three groups were 75.7±4.32 years (group A), 76.1±5.62 years (group B) and 74.8±4.31 years (group C). All samples were collected between June 2014 and July 2015. Groups A and B were patients with silicosis, but the treatment options were different. The treatment of patients in Group A (basic treatment) was as follows: Oxygen therapy, coughing, and expectorant, anti-asthmatic and anti-inflammatory therapy. The treatment of patients in Group B was as follows: basic treatment + 2 ml Deworming Vernonia Injection (repellent spotted chrysanthemum injection; Anhui Golden Sun Biochemical Pharmaceutical Co., Ltd., Fuyang, China) in 10 ml of 0.9% physiological saline for nebulization. Venous blood (5 ml) was centrifuged at 900 x g for 10 min at 4˚C; the serum was removed and stored in a freezer at -80˚C. Fasting morning venous blood samples were obtained from the normal group (group C), the pre-foundation treatment group (A-Q) and the post-foundation treatment group (A-H). There were a total of 60 samples from the three groups, as each group had 20 biological repeats. SELDI-TOF-MS detection analysis was performed on the samples. The foundation treatment for silicosis comprised chemotherapy using poly 2-vinyl pyridine nitroxide (5) . Patients with silicosis can be rapidly detected by detecting the plasma levels of tumor necrosis factor-α and matrix metalloproteinase 9 (6) . The changes in the expression levels of numerous proteins following foundation treatment occur in the same patient and correlate with disease status. The inclusion criteria were as follows: History of dust exposure; early symptoms or signs; X-ray examination as the main basis for the diagnosis of silicosis; laboratory tests for the examination of early diagnostic indicators; pulmonary function tests showing pulmonary ventilation disorders. The exclusion criteria comprised patients who did not meet the inclusion criteria, did not attend follow-up or did not sign the informed consent forms.
Equipment and instrument. The Ciphergen
® SELDI-TOF-MS mass spectrometer (protein fingerprint device) was used in the present study (Ciphergen Biosystems, Inc., Fremont, CA, USA). In order to identify the biomarkers, the Protein Chip SELDI system was used, which can rapidly produce a protein molecular weight map from a large number of complex biological samples. Using surface enhanced laser desorption ion technology, it is able to capture, detect and measure the molecular weight of peptides and proteins in complex biological samples (4) .
SELDI protein chip.
The covalent coupling of selected proteins or other target molecules can be implemented on the surface of a chip. A particular subgroup of complex protein samples can be captured by the chip through simple chemistry or protein interaction.
Following incubation, protein that was not combined with other ingredients from the chip surface was cleared. Only those specifically binding proteins were retained for further analysis. Following the elution step, the organic solution of energy absorption molecules was added. The chip in the SELDI reading machine was analyzed, which involved a type of time of flight mass spectrometry. Once in a gaseous state, charged protein molecules under the effect of a separation voltage show rapid movement, termed 'flight'. The separation voltage for all the molecules in the sample has the same effect, with differences in time of flight according to the different molecular weight. The SELDI reading machine recorded the time of flight, and converted this to a molecular weight.
Contrast strategy and analysis of the content. A total of three comparative analyses with the following comparisons, respectively, were performed, and data was obtained for further bioinformatics analysis: C, vs. A-Q; C, vs. A-H; and A-Q, vs. A-H. The data analysis process included data preprocessing, differences in peak screening, hierarchical cluster analysis, Principal Component Analysis (PCA), construction of a decision tree model, and protein prediction based on differences between the peak corresponding to proteins.
Statistical analysis. SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA) was used for the quantitative data, with two sets of equal variances, using a Student's t-test. Two sets of heterogeneity of variance, with rank and inspection, disordered classification data were analyzed using the χ 2 test. The Wilcoxon sum rank test was used with a capacity of <10. The specific steps of the test were as follows: Firstly, data of two samples were mixed and ranked from the smallest to the largest (the smallest data order is 1 and the largest data order is n1 + n2). Secondly, the ranks of data in the smaller capacity sample are add, that is, the rank sum, denoted by Ť. Thirdly, the T value was compared with the critical value at a certain level of significance in the rank sum test table. If T1<T<T2, the difference between the two samples is insignificant; T<T1 or T≥T2 indicates that the two samples are significantly different. The Wilcoxon rank sum test was used in the present study to obtain P-values. The difference in protein peaks was determined by calculating the P-value to determine the significance of differences of each protein peak. The permutation tests were performed with statistical tools in SIMCA 14.0 software (Umetrics AB, Umea, Sweden). P<0.05 was considered to indicate a statistically significant difference.
Results
Data preprocessing. Raw data analyses were performed using Ciphergen Protein Chip software correction processing to obtain the peak data. A mass-to-charge ratio <1,000 of the peak was considered the substrate peak, and the subsequent data was filtered based on the peak.
Difference in peak filtering. The peak between two groups was compared using the Wilcoxon sum rank test, using the peak P-value to judge whether there were significant differences between the two groups. By selecting different peaks, differences between peaks were compared and the screening results for C, vs. A-Q (Table I) , C, vs. A-H (Table II) , and A-Q, vs. S A-H (Table III) were obtained. As shown in Table I , the normal group and pre-foundation treatment group had statistically significant differences between peaks. As shown in Table II , the normal group and post-foundation treatment group had statistically significant differences between peaks. As shown in Table III , between the pre-and post-foundation treatment group, there were statistically significant differences in peaks.
Hierarchical clustering analysis. The hierarchical cluster analysis was performed on the differences in peaks, with a clustering diagram showing the association between the samples. Each line represents a peak in the diagram (Fig. 1) , and each column represents a sample. The red and green colors represent sample testing content is higher and lower, respectively. The comparison results for each group are shown in heat maps: C, vs. A-Q (Fig. 1A) , C, vs. A-H (Fig. 1B) , and A-Q, vs. A-H (Fig. 1C) . Shown in Fig. 1A is the association between the normal group and pre-foundation treatment group of samples, with red indicating sample testing content was higher and green indicating the sample testing content was lower. In Fig. 1B , the association between the normal group and post-foundation treatment group of samples is shown. In Fig. 1C , the association between pre-and post-foundation treatment group samples is shown.
PCA analysis. Using SIMCA software (version 14), the PCA analysis results were obtained. The scoring results for the total and the comparisons in each group are shown. As shown in Fig. 2A , the normal group and pre-foundation treatment group were distinguished. As shown in Fig. 2B , the normal group and post-foundation treatment group were distinguished.
Orthogonal Projections to Latent Structures Discriminant
Analysis (OPLS-DA) model construction. The C, vs. A-Q group OPLS-DA scoring chart is shown in Fig. 3A , the displacement test (permutation test) diagram is shown in Fig. 3B , and the OPLS-DA load diagram is shown in Fig. 3C . It was shown that there was a significant difference in the protein level between the normal group and pre-foundation treatment group. The C, vs. A-H group OPLS-DA scoring diagram is shown in Fig. 4A , the displacement test (permutation test) diagram is shown in Fig. 4B , and the OPLS-DA load diagram is shown in Fig. 4C . The protein level was significantly different between the normal group and post-foundation treatment group. The A-Q, vs. A-H group OPLS-DA scoring chart is shown in Fig. 5A , the displacement test (permutation test) diagram is shown in Fig. 5B and the OPLS-DA load diagram is shown in Fig. 5C . A-Q and A-H were markedly different (Fig. 5A) . The displacement test of the OPLS-DA model demonstrated that the intercept of Q2 was less than 0.05, therefore the models were robust (Fig. 5B) . Each point represents a protein that was expressed higher in the sample compared with another (Fig. 5C ).
Proteins on the left side of the axis were highly expressed in the A-H group and proteins on the right side of the axis were highly expressed in the A-Q group. These results demonstrate that proteins level were markedly different between the normal group and the post-foundation treatment group.
Differential protein prediction. Using Swiss-Prot (2017-10 release; https://www.uniprot.org/uniprot/?query=*&fil=orga nism%3A%22Homo+sapiens+%28Human%29+%5B9606% 5D%22+AND+reviewed%3Ayes) as the standard protein data in the database, self-owned coding texted software was used to compare this with the amino acid molecular weight of protein, and the most similar was found as the result of the prediction of the protein. The self-owned coding texted software performed peak-to-protein mapping using in-house MATLAB (version 7.5; The MathWorks, Inc., Natick, MA, USA) scripts. Briefly, the amino acid sequence for each protein in the human genome was obtained from UniProt Knowledge Base (KB)/Swiss-Prot (2017-10 release) (7). Potential amino acid sequence segmentation was identified in Empirical Proteomic Ontology-KB (7). 4.57E+00 
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Peaks were mapped to the amino acid sequences based on the molecular weight; a 5% deviation in molecular weight was allowed. Eventually, a list of mapped proteins was compiled into an Excel table. The differences in predicted proteins between C, vs. A-Q (Table IV) , C, vs. A-H (Table V) , and A-Q, vs. A-H (Table VI) were determined. From Table IV , it was possible to estimate the differences in serum protein between the normal group and pre-foundation treatment group of patients with silicosis. From Table V, differences in serum protein were estimated between the normal group and post-foundation treatment group of patients with silicosis. From Table VI , it was possible to estimate the differences in serum protein between the patients with silicosis pre-foundation treatment and post-foundation treatment, respectively. These results demonstrate that complement c3 frag, amyloid βa4 protein, hepcidin, fibrinogen α-chain frags, plasma protease c1 inhibitor frag and SERPING1 are markers for silicosis.
Discussion
According to previous studies, the pathological changes of silicosis are the main contributor to pulmonary fibrosis (7) (8) (9) (10) (11) . The exact pathogenesis of silicosis remains to be fully elucidated, however, substantial evidence shows the involvement of alveolar macrophages, cytokines, Clara cells, oxidative stress, the immune system of the body, and SiO 2 can lead to the occurrence and development of silicosis and be important in silicosis (12) (13) (14) (15) (16) (17) . The proteins that are differentially expressed in the serum of patients with silicosis are associated with silicosis (18, 19) . There have been no studies reporting on a correlation between protein expression differences and silicosis-associated mortality. SELDI-TOF-MS, through chemical or biological treatment on the surface of the protein chip, laser desorption ionization mass spectrometry equipment and artificial intelligence data analysis processing software comprised of three parts, is a type of ultramicro, high flux, fully automatic protein screening technology for blood serum, urine, cell extracts or other samples directly added for identification (20) . The present study used SELDI-TOF-MS to obtain original data and perform detailed analysis; the main analytical steps included the following: Data pre-processing, differences in peak screening, hierarchical cluster analysis, PCA analysis, construction of a decision tree model, and prediction based on differences in peaks corresponding to proteins. The advantages of this method over current diagnostic methods are the accuracy, speed and low cost of the application clinically (21) .
The small number of patients is a limitation of the present study, and further investigations are required to corroborate the preliminary results. In particular, for patients with similar infectious diseases, it is possible that similar diseases have a similar pattern of proteins, which should be included in future investigations. A study demonstrated that there is no correlation between protein expression differences and silicosis-associated mortality (22) . From the above results, the group of patients with silicosis pre-and post-foundation treatment and the normal group showed differences in proteins in serum. Therefore, patients with silicosis fibrosis and normal healthy individuals have differences in serum protein expression; in order to further understand these proteins and improve a simple and feasible method for the diagnosis of patients with silicosis fibrosis, further investigations are to be performed for the identification of these differences in proteins. The aim of the present study was to offer occupational doctors a novel and alternative diagnostic test. The novel method, compared with present diagnostic strategies, of the proposed protein chip requires proper equipment, staff training and money. In conclusion, the present study identified complement c3 frag, amyloid βa4 protein, hepcidin, fibrinogen α-chain frags, plasma protease c1 inhibitor frag and SERPING1 are markers for silicosis. 
